VEGA INTERSTAGE STRAIN MEASUREMENTS: COMPARISON BETWEEN CONVENTIONAL STRAIN GAUGES AND FIBRE BRAGG GRATING SENSORS
Lun Cheng (1) , Berit Ahlers An FBG is a periodical modulation of the refractive index in an optical fibre. This modulation is realized by exposing the optical fibre with a periodic pattern of ultra-violet light. Like a conventional grating, the reflection of a FBG depends on the wavelength. This is described by a simplified form of the Bragg's law in Eq. 1:
where λ B is the wavelength of the reflected light, N eff is the effective refractive index of the optical fibre and p is the period of the modulation. A self-evident benefit of FBG's is that each FBG sensor can have a different Bragg wavelength to reflect. This enables the application of FBG sensors in an array configuration, The FBG sensor system is relatively simple, compact, low-cost and can (easily) be embedded in composite material. It requires simpler wiring compared to conventional strain gauges.
ADHESION INVESTIGATION FOR SURFACE MOUNTING
The mounting of the FBG is regarded to be a vital issue for the application of the sensor.
Preliminary tests of FBG surface mounting by just attaching and gluing the fibre to the construction (see Fig. 2 ) shows hysteresis as shown in Fig. 3 . These are caused by insufficient strain transfer from the surface to the fibre, therefore further investigations were performed. The difference of the four glues can be observed at the maximum stress level, see Fig. 8 . Two of the four tested FBG's (using glue 2 and glue 4) show changes over time in the strain level. The other FBG's, as well as the conventional strain gauges, measure stable strain level. Minor hysteresis remains in comparison to conventional strain gauges with FBG glue 3. Using a scale factor of 1.2 pm/µε for the FBG's the calculated strain is almost identical to the 1860 µε measured by the conventional strain gauges. The noise levels of the FBG and the conventional strain gauge measurement methods in Fig. 8 are demonstrated to be comparable.
The linearity behaviour of the different surface mountings versus the conventional strain gauge is visualised in Fig. 9 by using data points of Fig. 7 . Glues 1 and 3, which are demonstrated in Fig. 8 An improvement on the demonstrated preliminary tests by using proper glue and adequate adhesive mounting technology has been realised.
VEGA INTERSTAGE TEST SETUP
Vega (Vettore Europeo di Generazione Avanzata), named after the second brightest star in the northern hemisphere, has a capacity to place 300 to 1500 kg satellites into orbit. This four-stage launcher is tailored to carry small scientific spacecraft and other lighterweight payloads. A growing number of such satellites are under development or planned worldwide, with Europe expecting to produce 13 such satellites for launch in the coming years. The interstage between the first and the second stages has a forward and aft part to be separated at jettisoning of the first stage during flight.
A dedicated test bench to measure limit and ultimate loads up to failure is based at TNO in Delft, see Six FBG sensors were installed. To demonstrate multi parameter sensing using FBG sensor array, in the beginning one FBG is used for temperature monitoring. The FBG sensors are placed at different locations in relation to the conventional strain gauges. FBG3 and FBG4 are placed vertically above strain gauge 402B_c, see Fig. 11 . FBG2 is located on the same vertical plane as the conventional strain gauge 'TPD', see Fig. 12 .
Two detection systems for the FBG sensor array have been used: a commercially available interrogator (Micron Optics SI425) and a high-speed interrogation system developed by TNO (Deminsys) [2, 3] . The Deminsys with a maximum sampling frequency of about 20 kHz can be used to visualise high-speed events during rupture tests, which are planned in the near future. Furthermore, the large quantity of data can also be used to improve the detection limit down to a sub-micro strain level by data averaging. 
VEGA INTERSTAGE 1/2 TEST RESULTS
The temperature variation of the monitoring point measured by the FBG is limited to less than 1°C during daytime, see Fig. 13 . The noise levels and resolution between three different read-out systems can be compared by zooming in a small part of the measured signal. The strain gauge read-out is sampled at 10 Hz. Random noise is visible in the Fig. 15(a) . The Micron Optics system operating at 25 Hz (Fig. 15(b) ) used for FBG4 shows a higher noise level which is dominated by the last significant bit of the system. The high-speed detection system Deminsys sampled at 190 Hz, Fig. 15(c) , shows more detail and lower noise. Further noise reduction is feasible by extra averaging. Through the use of proper surface mounting, FBG sensors are found to be useable for launcher subsystems and other space constructions.
A rupture test is scheduled for mid 2006. The highspeed detection system will be used to visualise events such as crack development.
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